Introduction
Surgical treatment of thoracoabdominal aortic aneurysms (TAAA) represents a burdensome problem for the vascular surgeon and may become a formidable challenge in an emergency procedure. Mortality and morbidity rates rise exponentially in this patient group.
The few studies in the literature reporting on emergency TAAA surgical treatment present conflicting data, and the study samples are often very small.
The typology of emergency-operated patients in the literature often varies from one report to another, because cases with hemodynamic stability, due to covered ruptures, are mixed with those of hemodynamic instability for frank ruptures. As a result, mortality and morbidity rates reported in the literature are often optimistic, making the severity of the clinical pictures misleading.
The various protective procedures against spinal cord and renal ischemia are often ineffective or impracticable, in a situation of hemodynamic instability, thus reducing or eliminating its benefits consistently reported for elective surgical treatment [1] [2] [3] [4] [5] [6] .
This study evaluated mortality and morbidity outcomes in 51 patients operated on for TAAA rupture. Cases classified as "symptomatic" or "imminent rupture" were not taken into account because hemodynamic stability does not substantially distinguish these patients from those treated electively.
Material and methods
From 1 January 1994 to 31 December 2014 the same operator (PPZ) treated 711 TAAA, of which 51 were operated on in emergency and 660 in elective surgery.
The study group consisted of 38 men and 13 women (age range: 33 to 83 years; mean: 62 years). Preoperative risk factors are listed in Table I .
Of the 51 emergency-operated patients, 28 (54.9%) had true aneurysms, 23 (45.0%) dissecting aneurysms. Fortyeight patients (94.1%), with frank rupture, required treatment within 2-6 h; 3 patients (5.88%), with covered rupture, were operated on within 24 hours.
The clinical indications for emergency surgery, in the presence of a frank rupture, for true or dissecting aneurysms, were seen in 48 out of 51 patients (94.1%), by arterial hypotension (AP ≤ 70 mmHg) and hemodynamic instability.
Other, various clinical signs included pain, renal, hepatic, intestinal ischemia, spinal cord paraparesis or paraplegia and ischemia of the lower limbs.
Hemodynamic stability (SAP > 90 mmHg) associated with worsening anemia was present in 3 patients.
Hemodynamic instability was related to dissecting lesions in 20 patients (39.2%), to true aneurysms in 24 patients (47%). Hemodynamic stability was related to a dissecting lesion in 1 patient (1.9%) and to true aneurysms in 2 (3.9%).
Clinical presentation comprised a left hemothorax in 25 patients (49%), right hemothorax in 2 patients (3.9%), and associated retroperitoneal hematoma and left pleural effusion in 22 cases (43.1%).
All 51 patients had undergone computed tomography scanning (CT) with contrast enhancement and were evaluated, according to the Crawford classification, as 18 type I (35.2%), 13 type II (25.4%), 15 type III (29.4%) and 5 type IV (9.8%).
Regarding surgical notes, after induction of anesthesia, patients were intubated using a Carlens tube to obtain left lung collapse.
Patients were positioned on the operating table to receive left thoraco-phreno-laparatomy.
In patients classified as TAAA type IV, the surgical access was limited to a short segment of the diaphragm and a small lateral thoracotomy in order to have control of the juxta-diaphragmatic segment of the aorta.
The thorax was opened between the 6 th and the 9 th ribs, without sacrificing the rib. The abdomen was opened using a transperitoneal access, and the diaphragm was cut circumferentially to avoid palsy of the phrenic nerve branches.
Two splenectomies (3.9%) were performed, due to iatrogenic injury, during dissection, whereas only 7 (1.05%) splenectomies were required in the 660 elective procedures.
Distal perfusion using a bio-pump was applied in 26 cases (50%), femoro-femoral CPB in 8 cases (15.6%), 'clamp-and-go' technique in 7 cases (13.7%) and CPB with deep hypothermia and circulatory arrest (DHCA) in 10 cases (19.6% Arterial return was performed as: left femoral artery and left atrium using the Bio-pump; left femoral artery and left femoral vein using CPB; and both femoral arterial and femoral vein, cannulation of the left atrium and, if necessary, also the pulmonary artery in order to achieve good venous drainage in DHCA.
Evaluating the 51 patients treated in emergency, the use of BIO-pump (50%) has been the more frequent procedure than clamp-and-go technique (7 cases -13.7%).
In emergency spinal cord fluid drainage (SCFD) was performed in only 6 cases out of 51 (11.76%), whereas in 660 patients, treated electively, the percentage was 77.5%.
In the 20 cases (32.9%) with evident hemodynamic instability, the "open" distal anastomosis procedure, according to Cooley, was preferred. Alternatively in very dramatic cases, the big Foley catheter was distally placed in the aortic lumen, in order to avoid cross-clamping.
Surgical repair of TAAA using a "staged clamping" procedure was performed whenever possible. The first step of anastomosis was made proximally, at the level of the left subclavian artery in type I and type II TAAA and below the 6 th rib in type III and type IV. The second step was the reimplantation of intercostal and lumbar arteries. The third step was the visceral and renal arteries' anastomoses, using several techniques. The last step was the distal suture at the level of the aortic carrefour or below the renal arteries.
Proximal anastomosis with a precoagulated Dacron graft was fashioned with 3/0 nonabsorbable monofilament and continuous suture, strengthened with pledget stitches. We paid particular attention to the major problem of intercostal and lumbar arteries in the aortic segment between T3 and L4 [7] . Whereas no treatment was performed for the intercostal arteries already obstructed, 164 arteries were treated between T3 and L4 using a ligature or reimplanting.
Particularly, between T3 and T8, 88 arteries were tied and 6 reimplanted; between T9 and T12, 50 arteries were reimplanted, and 5 ligated; between T12 and L4, 3 were tied and 12 were reimplanted.
In an emergency situation we used a Fogarty catheter, in order to avoid "back flow" and to maintain a good blood pressure in spinal cord perfusion. We have never used this procedure for perfusion of intercostal artery ostia, neither in emergency nor in elective treatment of TAAA.
Reimplantation of visceral and renal arteries in emergency requires a procedure performed very rapidly and therefore without the use of a perfusion system with normothermic or cooled blood, or Ringer lactate solution.
This was our policy in the first period of our experience, but in the last years our method implies the rapid cannulation of celiac trunk and superior mesenteric artery with a Fogarty catheter (without perfusion), and the use of perfusion of the renal arteries with cold Ringer lactate solution. This is our strategy, but it is not always possible to carry it out in an emergency, and case by case, we decided which method was the best, evaluating the situation of the vessel's ostia, frequently diseased by stenosis or obstruction and consequently with technical impossibility of direct cannulation and then with the need for thrombo-endoatherectomy or bypass.
Regarding the technical modality for visceral and renal vessels reattachment, several procedures were used.
In the presence of one short distance among ostia of the vessels and in order to obtain very rapid reimplantation (39 cases, 76.4%), "the single Carrell patch technique" was used.
A large aneurysm, with significant distance among ostia, particularly for the left renal artery (11 cases, 21.5%), required the reattachment of each vessel separately, and also to avoid a Carrell patch enlargement (it was seen in 11 cases, 21.5% in the group). Finally in Marfan patients, with the absolute need for removal of as much as possible of the diseased aortic wall, reimplantation of the vessels was performed using a branched graft (Coselli graft) with direct anastomoses of each branch to a single vessel's ostia (4 cases, 7.8%).
Distal anastomosis at the level of the aortic bifurcation was performed in 45 cases (88.2%), in 5 cases (9.8%) at the level of the femoral arteries, using another bifurcated prosthesis and in 1 case (1.9%) by widening the diameter of the carrefour by opening the left common iliac artery.
Operative variables related to type of TAAA are listed in Table II ; operative time, clamping time, and amount of blood loss were significantly increased for type II TAAA.
The risk factors were analyzed using univariate analysis with Fisher's exact test; the survival curve was determined by the Kaplan-Meier method, and independent variables were evaluated using linear regression analysis.
Results
Overall mortality was 43.1% (22 cases /51): 8 deaths occurred during the operations and 14 in the post-operative period. The 8 operating room deaths were in 6 cases due to incontrollable bleeding. One case of ischemic cerebral damage was due to acute retrograde dissection of the aortic "Open" repair of ruptured thoracoabdominal aortic aneurysm (experience of 51 cases) arch and its branches and the second case was because of acute myocardial infarction during the operative period. The 14 early deaths (within 30 days) were related in 2 cases to intestinal infarction owing to embolic events in the superior mesenteric artery by atheromatous material during intestinal reperfusion (both patients had undergone intestinal resection; the first died on the 2 nd postoperative day whereas the other died on the 4 th postoperative day).
Two myocardial infarctions occurred on days 15 and 21 of the postoperative period; 1 uncontrollable hemorrhage at 24 h due to dehiscence of proximal suture line; 1 iatrogenic perforation of the superior vena cava; 7 cases of multiorgan failure (MOF).
Late mortality regarded 1 death, due to acute rupture of a right iliac aneurysm at postoperative day 60. Analysis of deaths by type of lesion showed that 10 out of 28 (35%) patients died in the group of true aneurysms, 12 out of 23 (52.1%) in the group of dissecting aneurysms.
Early mortality (within 30 days) evaluated according to Crawford classification comprised: type I 9/18 (50%), type II 9/13 (69.2%); type III 7/15 (46.6); type IV 3/5 (60%) ( Table III) . Early mortality (within 30 days) after elective surgery occurred in 51 out of 661 cases (7.7%). Paraplegia and paraparesis (P/P) developed in 6 cases out of 43 (13.9%) excluding the 8 intraoperative deaths. Table IV compares the number of P/P and the type of TAAA according to the Crawford classification.
Spinal cord damage was permanent in 5 out of 6 cases (83%); 5 out of 6 (83%) developed a bilateral lesion and 1 case (17%) developed a unilateral lesion. Spinal cord damage appeared in 3 cases after clamp-and-go technique, in 1 case after BIO-pump and 2 cases after femoro-femoral CPB.
Paraplegia and paraparesis, after elective surgery, occurred in 45 cases out of 661 (6.8%) in the experience of the first author.
Type II TAAA presented P/P in 3 cases out of 13 (23%); these data were found to be a risk factor for spinal cord damage (p = 0.02), the same as the drop of arterial pressure (< 50-60 mmHg) for periods longer than 30 minutes (p = 0.01).
This last finding was present in all cases of P/P in patients with severe hemodynamic instability or significant bleeding during the surgical procedure.
Our findings disagree with recent data reported in the literature [8] , because, in our series, intercostal arteries' ligature or reimplantation was not found to be always significant for development of P/P in emergency.
In this acute situation, in fact, the quality of the aortic wall is frequently poor, very fragile, and thus unfit for intercostal artery reattachment. In this setting the ligature of vessels is mandatory, but the stable mean arterial pressure above 80-90 mmHg seems to be a very protective factor in avoiding spinal cord damage.
In our experience, only 1 case developed P/P, after ligature of intercostal arteries between T9 and T12 in a dissecting lesion. In additional presence of a very low arterial pressure due to very difficult bleeding control that happened in this case it was very debatable whether a single cause of the P/P damage could be found.
Acute renal failure (ARF) was present in 8 out of 43 patients (18.6%); dialysis was not required in 3 patients (37.5%) who maintained diuresis with creatinine level > 3 mg/dl. In contrast, out of 5 patients who needed dialysis, 2 died.
Hence, despite the limitation of this study in terms of the small sample size, use of dialysis may be a predictive factor for hospital death (p = 0.03), as reported by Zeebregts and Schepens [9] . Other risk factors for onset of ARF were prolonged arterial hypotension (p = 0.05) and type II TAAA, particularly in the dissecting aneurysm group (p = 0.04).
A comparison between the percentage of ARF in 43 emergency-operated TAAA (18.6%) and that of electively treated TAAA (85/660, 12.8%) shows that the difference is not so significant and antithetical to data present in the literature.
Clamping time varied from 30 to 90 min (mean 50 min). This finding did not closely correlate either with the onset of ARF (p = 0.09) or with the onset of P/P (p = 0.06).
The main post-operative respiratory complications occurred in 15 cases out of 43 emergency (34.8%) and were comparable to those treated by elective surgery 180/660 (27.2%).
In 28 cases out of 43 extubation was performed within 48 h, in 15 cases within 5 days and in 5 tracheostomy was required.
In 21 patients out of 43 (48.8%), the complications comprised pneumonia, pleural effusion and disventilated areas for atelectasis.
Moreover 3 out of the 5 patients who received tracheostomy died, in consequence of respiratory complications leading to tracheostomy, which in our series may be considered a predictive risk factor for death (p = 0.04). The small size of our group agrees with the experience of Coselli, where out of 39 TAAA in septuagenarians, the 4 who required tracheostomy died in the postoperative period.
Reintubation was required in 5 cases out of 43 (11.6%), without determining, in our experience, poor prognosis.
Postoperative bleeding was present in 8 cases out of 43 (18.6%), compared with 30 cases out of 660 (4.5%) in elective surgery. Particularly 1 case of type IV using clampand-go technique, 3 cases in type I using in one case biopump, in two cases femoro-femoral CPB, 1 case type III using bio-pump, and finally 3 cases type II, 1 with Bio-pump, 2 with DHCA.
Myocardial infarction (MI) was observed only in 1 case (2.3%), and cardiac arrhythmia developed in 18/43 cases (41.8%).
Palsy of the inferior laryngeal nerve occurred in 6 cases out of 43 (13.9%); 4 using bio-pump, 2 using DHCA. Table V lists the main postoperative complications after emergency treatment; Table VI lists the risk factors for postoperative death.
Length of stay (LOS) in the intensive care unit ranged from 1 to 71 days, and length of stay in hospital ranged from 12 to 85 days (mean, 16 days). After elective surgery, LOS in the intensive care unit ranged from 1 to 31 days, and LOS in hospital ranged from 12 to 80 days.
The 29 patients discharged from the hospital were followed up for 1-3-5-10 years. The actuarial survival rate at 1-3-5-10 years is 75%-63%-48%-35%.
The cause of death in 30% of cases in follow-up was attributable to surgery; in 70% of cases general complications such as cardiac, neurological, renal and neoplastic were the causes of death.
Discussion and conclusion
The literature offers scant data on emergency-treated TAAA.
Studies often analyze urgent and emergency cases together [6] or make a simplistic distinction between symptomatic and asymptomatic aneurysms [2] .
In agreement with Gilling-Smith et al. [3] , we believe that a distinction should be made between hemodynamically stable and hemodynamically unstable aneurysm patients. This is the true feature that characterizes the emergent nature of treatment and the quality of results.
In our series, we found that hypovolemic shock and oligo-anuria at the time of hospital admission may be predictive factors for hospital mortality.
Mortality rates did not differ substantially between symptomatic TAAA, dissecting or TAAA with impending rupture or with a small covered rupture that were hemodynamically stable and cases of TAAA treated by elective surgery.
We agree with Coselli et al. and LeMaire et al. [4, 5] that the presence of an acute or chronic dissecting TAAA does not influence the rate of P/P in urgent cases, nor does cross-clamping time, as reported by Svensson et al. [2] .
Prolonged hypotension (> 50 mmHg for 30 min) and lesion extension (type II) were found to be determinant factors for spinal cord damage.
In contrast, distal aortic perfusion (BIO-PUMP) and spinal cord fluid drainage should be used as protective measures only as the emergent situation may allow [10, 11] .
The literature contains conflicting reports regarding the systematic use of intercostal arteries' reattachment between T9 and T12 to reduce the P/P rate. Coselli et al. and Safi et al. suggest, whenever possible, the intercostal arteries' reimplantation, both in elective and in emergency surgery, particularly in the presence of large vessels with poor or absent back-bleeding [4, 7, 8] . Svennson et al. [2] found that most reimplanted intercostal arteries were already occluded after several hours or within 1 to 2 days after the intervention. Gilling-Smith et al. [3] reported no difference in the onset of P/P between patients treated with or without intercostal artery reimplantation, regardless of the extent of the lesion (type I-II-III).
We believe that in emergency cases, especially in the presence of an acute dissecting lesion and highly fragile aortic wall, intercostal artery reimplantation may be difficult or even impossible to perform: therefore we advocate the use of a ligature. Instead, in the presence of chronic dissecting TAAA or true aneurysms, reimplantation of the intercostal arteries, especially between T9 and T12, is advisable also in emergent cases [7] . "Open" repair of ruptured thoracoabdominal aortic aneurysm (experience of 51 cases)
In surgical treatment of TAAA, ARF is present in 5% to 30% of cases, considering unfavorable factors such as older age, male sex, pre-existing renal failure and type II TAAA [12] . We agree with Mastroroberto and Chello [13] that over 50% of the forms of ARF are related to an episode of hypotension (AP > 50-60 mmHg) both in the pre-and intraoperative phase. In hemodynamic instability of emergencyoperated patients acute hypotension plays a key role in the onset of ARF.
We agree with Safi et al. [12] on the need for distal perfusion to prevent or limit renal damage occurrence.
In our series, however, the percentage of ARF in emergency-operated-patients (18.6%) vs elective surgery (12.8%) was not significantly different.
This finding is difficult to explain and disagrees with the results published in the literature of rates of ARF between 20% and 30% in emergency-treated TAAA, especially in cases of type II aneurysm [10] .
Respiratory complications were present in 34.8% of our series (15/43) and were a very important risk factor in 3 patients out of 5, who received tracheostomy and died.
In reference to the large series in the study conducted by Girardi and Coselli [14] we can confirm that in emergencyoperated patients, respiratory complications leading to tracheostomy constitute a risk factor for postoperative death.
In contrast, Mastroroberto and Chello [13] reported that respiratory complications with the tracheostomy may be a cause of prolonged stay in the intensive care unit, or in hospital, but not a predictive factor for death.
Postoperative bleeding occurred in 8 cases out of 43 (18.6%), a significantly high rate but one which must be evaluated in the context of an extended surgical field, full heparinization of the patient, using femo-femoral CPB and with DHCA and consequently coagulation disorders, characteristic for important hemorrhage.
This complication is markedly reduced by using the Biopump and with modern techniques of blood recovery and reinfusion such as the "rapid infusion system".
Postoperative cardiac complications, especially in emergency cases, are well known. In our series, only 1 patient died due to myocardial infarction during the postoperative period. In this case, however, coronary damage, especially in advanced age, can be considered as a predictive factor for death, given the impossibility to evaluate the state of the coronary vessels in an emergency situation, or the presence of latent coronary disease, in the context of arterial hypotension, which renders these lesions manifest.
Emergency surgery of TAAA is correlated with high mortality rates and frequently fatal postoperative complications (P/P, ARF, AMI, RF). Nonetheless, in severely compromised patients, the use of protective adjuncts, when possible (Bio-pump, spinal cord fluid drainage, intercostal arterial reimplantation, especially between T9 and T12) can reduce the otherwise high mortality and morbidity associated with emergency treatment.
The literature offers scarce data on this subject not only in terms of numbers but also in the correct evaluation of patient classification [15] . Unfortunately, studies have mixed hemodynamically unstable cases with hemodynamically stable TAAA, thus rendering comparison between the 2 groups impossible [9, 16] .
Most likely, treatment outcomes of hemodynamically stable cases of TAAA may be quite similar to those treated by elective surgery.
Finally we present a brief evaluation regarding the use of hybrid or total endoluminal treatment of ruptured TAAA in an emergency presentation.
In the literature the experience regards a small number of cases and the results are anecdotal [17] [18] [19] .
In effect in a patient with hemodynamic instability, for frank rupture of TAAA, the proposal of whichever of these procedures is a cause of perplexity regarding the operative time consuming in both procedures, the wide availability in a surgical theatre of suitable material for every single patient, but, above all, the possibility to keep vital parameters sufficiently valid for all the long time of the surgical procedure.
The situation is different in the presence of symptomatic TAAA or with impending rupture, or with covered rupture, but with hemodynamic stability.
In these particular cases the hybrid or total endoluminal procedures may have a future, but in the presence of more solid and convincing experience and the use of devices more sure and suitable.
Disclosure
Authors report no conflict of interest.
